Abstract-The capacity region of a multiple access channel is discussed. It was found that orthogonal multiple access and non orthogonal multiple access have the same capacity region under the constraint of same sum power.
I. INTRODUCTION
Multiple access techniques are used to allow a number of mobile users to share the same spectrum. FDMA, TDMA, CDMA and OFDMA are used in the 1th to 4th generation mobile communication systems, all in an orthogonal way. With the coming of 5G, non orthogonal multiple access (NOMA) became popular, both in the downlink [1] and uplink [2] .
The capacity region of multiple access channel (MAC) or uplink channel is well known [3] , [4] . The two user model of MAC is described as
where x 1 and x 2 are signals of user one and two, with the power of P 1 and P 2 , n is the white noise with power N , y is the received signal. Let R 1 and R 2 be the reachable data rate of user one and two, the capacity region of such a model is represented by
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This region is illustrated in Fig. 1 by the solid line. Notice that x 1 and x 2 share the same resource, such a way of communication is called superposition coding.
The decoding of superposition coding relies on a technique called successive interference cancellation (SIC). Let's take the rate point (C 1 , C * 2 ) in Fig. 1 as an example. In the encoding phase, we can put x 1 with power P 1 on the channel first, yielding a rate C 1 , then put x 2 with power P 2 on the channel, treating x 1 as noise, yielding a rate C * 2 , C * 2 = log(1 +
In the decoding phase, x 2 is decoded first and then reconstructed and eliminated from y, so x 1 can be decoded successfully without the interference of x 2 .
If the two users are time divided (TD) , suppose user one is allocated a fraction α ∈ [0, 1] of the whole time, and the rest of time is allocated to user two, then the sum rate
If two users are frequency divided (FD) and B is the total bandwidth, user one is allocated αB and (1 − α)B is assigned to user two, the capacity region is
which is illustrated by the dashed curve in Fig. 1 . Notice there is one point FD can reach the same sum rate as superposition coding. On this point, the power of each user is proportional to the bandwidth allocated.
II. DISCUSSIONS
Based on the former information, it was widely believed that superposition coding is the way to achieve maximum capacity, dominating orthogonal measures as TD or FD. However, this superiority exists only under the former stated constraints, i.e. the power of the two users are P 1 and P 2 . This constraint is not reasonable in practical cases, since a mobile station usually does not transmit at full power and can adjust its transmit power according to its position and data rate.
Then, if we relax the constraint of certain power for each user to certain sum power for two users, the capacity region of superposition coding becomes For the TD case, in any time slot, one user use the power P 1 + P 2 and the other keep silent, the sum power is P 1 + P 2 . For the FD case, if user one is allocated αB with power α(P 1 + P 2 ), and user two is allocated (1 − α)B with power (1 − α)(P 1 + P 2 ), the sum power constraint is also satisfied. It can be easily verified that TD and FD have the same capacity region as superposition coding in MAC.
III. CONCLUSION
Under the constraint of sum power, TD, FD and superposition coding have the same capacity region in MAC. So NOMA is not an option in the 5G uplink for the capacity reason.
